Abstract-Broadband acoustic holography based on intensity measurement (BAHIM) is a new technique for the reconstruction of sources. In BAHIM method, the acoustic intensity vector and potential energy density, which are both quadratic quantities, on the measurement surface are used to obtain the pressure phase. The principle of the cylindrical BAHIM theory is presented. In addition, the numerical simulations have been conducted. The influences of the change of parameters are discussed in detail. At last, the validity of BAHIM method and the correctness of parameter analysis are assessed by underwater near-field acoustic holography experiments. The experimental results show the merits of the underwater cylindrical BAHIM in the reconstruction of sound field, identification and localization of the noise sources.
INTRODUCTION
Near-field Acoustical Holography (NAH) [1] was a new technique coming from acoustical holography in the 1980s. Compared with conventional acoustical holography, it is possible in NAH to image more than just the acoustic pressure. One can obtain the three components of the fluid velocity and acoustic intensity from the surface of the acoustic source into the far field [2] [3] [4] .
Broadband acoustic holography from intensity measurements (BAHIM) [5] [6] was first introduced in 1987. In BAHIM method, the main advantage is the measurement practicability in comparison with the technique in which the pressure phase is measured directly without an array of referenced microphones or by use of the reference signal to the source signal. Therefore, it can be well used with broadband acoustic spectrum sources, and the technique is not limited to laboratory cases where source excitation is controlled.
In this paper, we review the theory of cylindrical BAHIM and describe the validity of the BAHIM method in the cylindrical geometric source surface by computer, and the errors which arise from the changes of parameters. At last, the experimental results show the merits of the BAHIM in the reconstruction of sound field, the correctness of parameter analysis in simulations, and the feasibility of the using of vector hydrophone array in the NAH measurement.
II. PRINCIPLE OF BAHIM THEORY
With the principle of cylindrical near-field acoustic holography [2] 
Taking the two-dimensional Fourier transform, we obtain for the phase 2 2 ( ) ( , ) ( , ) ( )
The complex pressure on the hologram is reconstructed by taking for the module the square root of the measured quadratic pressure and for the phase the inverse transform of the preceding expression
III. PARAMETER ANALYSIS
From the distribution of the holographic reconstructed phase error of the point source in [7] , we can conclude that the periodic fluctuant error exists obviously in the process of the phase reconstruction. The effect of the reconstructed parameters on the reconstructed phase error and the reconstructed precision are emphasized here.
Several examples make it possible to evaluate the parameter analysis using computer simulations. In In fact, we hope that reconstruction work of the complex pressure with broadband frequency would be finished as much as we could, with the other invariable parameters. So we are always concerned about the relationship of the reconstructed frequency and the reconstructed phase error. From Fig. 1 , when the other parameters are invariable, we can conclude that the average reconstructed phase error increases linearly along with the increase of the reconstructed frequency, moreover the amplitude of the absolute error and the maximal phase error increase gradually. Thus it is demonstrated that reconstructed results are good when this technique is applied to the low frequency sources, and become worse with the increase of the reconstructed frequency.
We assume that the reconstructed frequency is 1500 Hz . Then we will discuss the effect of the holographic distance. In Fig. 2 , as the other parameters are invariable, the average reconstructed phase error decreases from 1.05°to 0.85° with the increase of holographic distance d , that is, the average reconstructed phase error decreases linearly, and the amplitude of the absolute error increases gradually. In order to achieve the evanescent wave with detailed information about the source, the holographic distance must be small enough. Although the average error decreases with the increase of the holographic distance, the absolute error increases gradually, thus in practical measurement, the smaller holographic distance is preferable.
Provided that the aperture is invariable, then we study the effect of the holographic measuring points or measuring spacing on the reconstructed phase error. If δ is the measuring spacing, Fig.3 gives the variety of ϕ ε and ϕ Δ on the 0 = θ line when δ increases from 0.05 λ to 0.4 λ .
In Fig. 3 , under the condition of invariable aperture, the increase of measuring spacing will bring about gradual decrease of the average reconstructed phase error. When the measuring spacing increase to twice, the amplitude of the absolute reconstructed phase error increases to twice or more, which is proportional to the increase of measuring spacing. Actually, although the decrease of measuring spacing will increase the resolution, it also brings more complexity to the measurement and restricts the reconstructed frequency. Therefore, in order to ensure the reconstructed precision, we should increase the measuring spacing as well as we can.
（a）The average phase error （b）The absolute phase error Digital simulations produced for certain typical simple source demonstrate that: (1) With the increase of the reconstructed frequency, the reconstructed pressure phase error become worse. Compared with the high frequency sources, this technique gives better reconstructed result to the low frequency sources; (2) With the increase of the holographic distance, the average error of the reconstructed pressure phase decreases linearly and the amplitude of absolute phase error increases; (3) With the increase of the measuring spacing, the reconstructed phase error increase; (4) The system reconstructed parameters are restricted and influenced each other, thus they should be optimized in order to ensure the reconstructed veracity and provide the best measurement system.
IV. EXPERIMENTAL RESULTS
Some experiments have been carried out in the anechoic pool to prove the correctness of parameter analysis. The measuring system is a vector hydrophone array 1.75m long, which consists of 8 vector hydrophones spaced by 0.25m. During the experiment, the vector hydrophone array is put vertically in the water. It controlled by the computer does the axial rotation every 5 radian. Because it's difficult in completing the measurement of the whole sound field, we adjust the depth of the array by 0.08m twice. The pressure and intensity on the cylindrical hologram surface with a radius of 0.52cm is sampled at 0.96m z − ≤ ≤0.96m .
After the data collection, the sensitivity compensation and amplification amendment are made.
To begin with, the complex pressures phase needs to be calculated by intensity measurement. Then the reconstructed values will be compared with the theoretical values. Fig. 4 (a) and (b) are the reconstructed pressure phase and the absolute phase error respectively. The hologram surface is sampled at 72-by-24 points in the circumferential directions and the axial, and the frequency is 3.15kHz. This example demonstrates that the reconstructed pressure phase almost consist well with the theoretical values, and the absolute error appear fluctuating periodically. The maximal phase error in the middle area of holographic surface is below 5°. The experimental results are presented at a frequency of 4kHz in Fig.5 with the other invariable parameters. Fig. 6 shows the experimental results when the sampling grids are 72-by-12 points in the circumferential directions and the axial, respectively, and the frequency is 3.15kHz. 
V. CONCLUSION
Using the BAHIM theory, the principle of the cylindrical interior BAHIM and implementation are presented and the numerical simulations are made as well. In addition, the influences of the change of parameters are discussed in detail. The results of experiment showed the merits of the BAHIM and the feasibility of the using of vector hydrophone array in the NAH measurement. And a wide range of applications for this method, which makes broadband work possible, are implied.
